Abstract. Sinonasal carcinomas (SNcs) are rare neoplasms arising from the paranasal sinuses and nasal cavity. Although
Introduction
The sinonasal cavities are anatomical regions affected by a number of tumours that are clinically, genetically and etiologically different from classical carcinomas of the head and neck (1) . Sinonasal carcinoma (SNc) is a rare disease that accounts for <3% of all head and neck tumours, with a 5-year overall survival (OS) rate of 30% across all stages. SNc is etiologically-associated with professional exposure to leather and wood dust particles, and is therefore defined as an occupational disease (2) (3) (4) . Tumours of the maxillary sinuses are more prevalent than those of the nasal cavities and ethmoid sinuses (5) . Squamous cell carcinoma and adenocarcinoma are the most frequent histological types, accounting for 80% of all SNcs, while neuroendocrine, adenoid cystic and undifferentiated entities are much less frequent (6) .
Patients with SNcs are often asymptomatic in early stages and are therefore commonly diagnosed at an advanced stage (T3-4), presenting with a large primary tumour that invades the surrounding bone structures and is associated with a high frequency of poor outcome and local failure (7) . Due to their rarity, there is a lack of randomized clinical trials assessing the standard treatment options for SNcs, with no clear guidelines concerning their treatment. Generally, surgery, whenever possible, represents the cornerstone of therapy in early (T1-2) and advanced stage (T3-4) patients, and should always be followed by adjuvant radiation therapy, except in cases of T1 low-risk disease (absence of involved surgical margins). Chemotherapy should be administered concomitantly with radiation therapy in cases of high-risk disease (T3-4 and/or N+ and/or involved surgical margins) (1, (8) (9) (10) (11) . The outcome of patients with SNc also depends on histological type (12) , and prognosis is poorer in patients with squamous cell carcinoma compared with adenocarcinoma (25-50 vs. 40-60%, respectively) (13, 14) . Undifferentiated sinonasal carcinoma (SNUc) often presents as a rapidly enlarging and decaying mass, which is associated with the poorest prognosis among all SNcs (15) .
Adjuvant radiotherapy may offer an increased chance for local control, particularly in cases of high-risk disease; however, its utility must be balanced against its frequent optic nerve toxicity (16) . Radiotherapy-induced blindness may occur in up to 40% of treated patients (17) . Exclusive radiotherapy may be administered in cases of unresectable disease and should be coupled with chemotherapy, even if this does not represent the standard of care (18) . Advanced disease is often treated with exclusive chemotherapy even if SNCs are poorly chemosensitive. The most effective drugs are the platinum-derived compounds, either associated with or not with 5-fluorouracil, and in certain cases they are administered with taxanes (19) (20) (21) (22) . At present, there are only a few clinical trials assessing the efficacy of targeted therapy in this category of tumours (23) .
The present retrospective study mainly aimed to describe the survival of patients affected by this rare disease treated at University of Naples 'Federico II' (Naples, Italy). The current study also discusses the best therapy choice for locally advanced disease.
Patients and methods
A total of 30 patients with SNc treated between January 1999 and January 2013 at the Department of Radiation Therapy, University of Naples 'Federico II' were included in the present retrospective study. Pretreatment evaluation consisted of a complete patient history, physical examination and fine-needle aspiration with cytological examination to provide a diagnosis. A core-biopsy of the lesion was performed in all patients, which aimed to confirm initial diagnoses and histologically characterize lesions. Staging was completed with head and neck magnetic resonance imaging and thorax computed tomography (CT). All patients attended a multidisciplinary head and neck conference at the Department of Radiation Therapy, University of Naples 'Federico II'. Based on the National Comprehensive Cancer Network guidelines (24) and, primarily, the shared opinion of the multidisciplinary team, patients were selected for treatment with surgery followed by adjuvant radio-or chemoradiotherapy (group A), or definitive radiotherapy with or without concomitant chemotherapy (group B). Surgery aimed to achieve complete resection of the tumour with negative margins. The type and extension of the surgery was dictated by the onset site and the extent of the disease, in addition to functional considerations. The surgical techniques employed included total or subtotal maxillectomy and/or ethmoidectomy, and craniofacial resection. Lymph node resection was performed only in the presence of their clinical involvement. Criteria for unresectability included wide intradural or intracranial spread, encasement of the carotid artery and invasion of the cavernous sinus. Patients who were unsuitable for resection underwent definitive radiotherapy with or without concomitant chemotherapy. All patients were treated with three-dimensional-conformal radiotherapy. Treatment planning was based on CT examination performed with patients in a supine position using head-neck-shoulder thermoplastic devices. The target and organs at risk (OARs) were defined on a CT planning scan. Clinical target volume (CTV) included the macroscopic extent of disease/resection cavity/postoperative residual mass plus all paranasal sinuses that had been invaded or were at high risk of invasion. In case of orbital invasion, CTV included the medial region of the orbit. Elective nodal irradiation was not performed, but only the clinically positive lymph nodes were enclosed in the CTV. Planning target volume was defined as CTV plus a 5-mm isotropic margin. OARs included the retina, optic nerve and optic chiasm. A median total dose of 60 Gy (range, 50-64 Gy) in 30 fractions daily of 2 Gy was planned. The maximum dose of 54 Gy was used as dose constraint for OARs for planning elaboration. The fields were arranged and weighted to achieve the maximum possible uniform distribution in the target volume (95% of prescription dose delivered to at least 95% of the PTV) without exceeding the dose constraints for the OARs. Concomitant cisplatin was administered at a dose of 100 mg/m 2 on days 1, 22 and 43 for 3 cycles during radiotherapy. This schedule was used for adjuvant and exclusive radiotherapy settings. Demographic, disease and treatment characteristics of all patients are presented in Table I .
Acute and chronic treatment-related toxicities were registered according to the Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer toxicity scale (25) .
Statistical analysis. The actuarial OS, cause-specific survival (CSS; percent of patients who succumbed to tumour progression) and progression-free survival (PFS) rates were estimated using the Kaplan-Meier method. Univariate analysis was performed using the log-rank test, aiming to investigate the effect of clinical and treatment-related variables on the 2-year CSS and PFS rates. All statistical tests were two-sided and P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA).
Results
A total of 19/30 patients were treated with upfront surgery followed by adjuvant radio-or chemoradiotherapy (group A), while the remaining 11 received exclusive radiotherapy with or without concomitant chemotherapy (group B). Concomitant chemotherapy was performed in 6/19 patients in group A, and in 6/11 patients in group B. A total of 8/30 patients were diagnosed as stage III [according to Tumour-Node-Metastasis staging (26) ], while the remaining 22 were diagnosed as having stage IV disease. Histological types widely varied, with the majority determined as squamous cell carcinoma (Table I) . At a median follow-up of 31 months (range, 6-148 months), 33 .3% of patients were alive and 90% of these did not experience relapse. Overall, the relapse rate was 76.7% (23/30) , and the rate of local and distant recurrence was 82.6% (19/23) and 8.7% (2/23), respectively. The estimated median CSS and PFS times were 32 and 12 months, respectively. Univariate analysis determined that only disease stage significantly affected the CSS (P= 0.002) and PFS (P= 0.0001) rates. The 2-year CSS rate was 87.5% for stage III and 54.5% for stage IV (P=0.016), and the 2-year PFS rate was 71.4% for stage III and 17.1% for stage IV (P= 0.001) (Fig. 1) . The effect of stage on CSS and PFS rates was essentially linked to the primary tumour size (T), and no contribution was observed for nodal status (N); this was most likely due to the low number of lymph node-positive cases (3/30 patients). Notably, no significant differences in the 2-year CSS and PFS rates were observed between the surgery (group A) and no surgery (group B) subgroups. However, this result may be due to non-radical surgery, which was performed in 7/11 resected patients. Non-radical surgery (R1 resection) is not as effective as radical surgery, being associated with lower 
A B
survival in clinical trials. The constant presence of disease in the tumour bed is frequently associated with early local recurrence (27) . Similarly, no significant differences in CSS and PFS rates were observed between the chemotherapy and no chemotherapy subgroups in groups A and B. The results of the survival analysis are presented in Fig. 2 . The remaining variables, including histological type, grade of differentiation and site of origin, did not significantly affect the CSS and PFS rates.
With regard to acute toxicity, 66.7% of patients (20/30) experienced side effects during radiation therapy. The most frequent side effects were oral mucositis and xerostomia, while other side effects included dysphagia and skin toxicity. These effects occurred at a median radiation dose of 30 Gy, with a peak incidence at a median dose of 45 Gy. With regard to acute toxicity grading, 43.3% (13/30) of patients developed grade 1 or grade 2 toxicity, while 23.3% of patients (7/30) developed grade 3 toxicity. Chronic side effects were observed in 13.3% of patients (4/30), represented by the presence of xerostomia in all 4 cases. No events of chronic toxicity to the optic pathways were noted. No patterns of acute and chronic toxicity in relation to various treatment-related variables (surgery, chemotherapy or both) were observed.
Discussion
SNc is a rare disease that accounts for 3% of all head and neck carcinomas (28) . As SNcs exhibit particular behaviours, such as chemo-and radioresistance, diagnosis at an advanced stage and lack of association with common risk factors including alcohol and tobacco, they should be considered as separate entities and therefore should not be included in the miscellany of head and neck carcinomas (29) . Due to the rarity of these lesions, there is lack of consensus regarding their management, and the majority of data are derived from retrospective analyses. Treatment options vary according to disease extension, and surgery is the preferred therapy in the majority of SNc cases. Recurrence rates widely differ among patients and depend on several factors, including histological type, stage, lymph node metastasis and multimodal treatment strategy (12, 16, 30) .
Historically, the median OS rate for locally advanced SNc ranges from 25-50% in clinical trials, depending on the aforementioned factors (31) . In the present study, a CSS rate of 33.3% was reported, which is consistent with data in the literature.
Advanced stage at diagnosis is acknowledged to have a strong impact on prognosis and, in particular, on the probability of recurrence (32) . In clinical trials, it has been observed that locally advanced diseases, namely those with intracranial extension and/or orbital apex involvement, are characterized by a poor prognosis and shorter disease-free survival, OS and PFS (12, 23) . This was confirmed by the present study, which demonstrated that patients with stage IV disease had a poorer outcome, in terms of CSS rate (87.5 vs. 57.5%; P= 0.016) and PFS rate (71.4 vs. 17.1%; P= 0.001) compared with patients with stage III disease.
Patients require accurate selection of treatment in order to maximise response to therapy and survival. For example, there is a wealth of data suggesting that the expression of certain biomarkers, including epidermal growth factor receptor, P16 and survivin, is associated with a more positive response to chemoradiotherapy (33, 34) .The possibility to pursue a multimodal strategy, namely surgery followed by adjuvant radio or chemoradiotherapy, has been associated with positive outcomes in clinical trials (35, 36) . The addition of surgical resection did not impact the 2-year CSS rate in the present study, and patients that were treated with upfront surgery followed by adjuvant radio-or chemoradiotherapy did not demonstrate a better survival rate compared with patients treated with exclusive radiotherapy with or without chemotherapy. This may be explained by the fact that surgery was non-radical in the majority of patients, with 7/11 patients undergoing an R1 resection.
SNUc, in addition to intestinal-like and squamous cell histologies, have been reported to correlate with poor prognosis in clinical trials (37, 38) . Conversely, in the present analysis, histological type did not affect patient prognosis; however, this may be due to the small sample size and the low number of SNUc cases included (3/30) .
Finally, the presence of lymph node metastasis, concurrent chemotherapy administration, site of origin and tumour grade did not impact patient prognosis in the current study; however, this may also be due to the small sample size in the framework of a wide heterogeneity.
In the present analysis, acute toxicity was mild and was characterized by mucositis, xerostomia, dysphagia and in-field skin erythema. Grade 3 toxicity was observed in 23.3% of the patients, while only grade 1 and 2 toxicity were reported in the remaining 76.7%. This toxicity spectrum is considered to be uniquely linked to radiation therapy and, notably, the addition of surgery did not exacerbate it.
Additionally, late toxicity was mild and presented as xerostomia in 13.3% of patients, while no blindness or optic pathway disruption was reported. This is most likely due the fact that the dose constraints for the OARs considered were not violated in any cases.
In conclusion, the current study was a small retrospective analysis, but did observe a fairly positive survival rate in a group of poor prognosis patients with locally advanced SNc, at the cost of acute and chronic moderate toxicity. Disease stage was the only factor identified to impact prognosis. It is therefore considered that radical surgery should be avoided, given the high rate of recurrence observed in patients, even if they are subsequently treated with adjuvant radio-or chemoradiotherapy.
